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Does school-based physical activity decrease
overweight and obesity in children aged
6–9 years? A two-year non-randomized
longitudinal intervention study in the
Czech Republic
Erik Sigmund1*†, Walid El Ansari2† and Dagmar Sigmundová1†
Abstract
Background: Globally, efforts aimed at the prevention of childhood obesity have led to the implementation of a
range of school-based interventions. This study assessed whether augmenting physical activity (PA) within the
school setting resulted in increased daily PA and decreased overweight/obesity levels in 6-9-year-old children.
Methods: Across the first to third primary school years, PA of 84 girls and 92 boys was objectively monitored five
times (each for seven successive days) using Yamax pedometer (step counts) and Caltrac accelerometer (activity
energy expenditure AEE - kcal/kg per day). Four schools were selected to participate in the research (2 intervention,
2 controls), comprising intervention (43 girls, 45 boys) and control children (41 girls, 47 boys). The study was
non-randomized and the intervention schools were selected on the basis of existing PA-conducive environment.
Analyses of variance (ANOVA) for repeated measures examined the PA programme and gender effects on the step
counts and AEE. Logistic regression (Enter method) determined the obesity and overweight occurrence prospect
over the course of implementation of the PA intervention.
Results: There was a significant increase of school-based PA during schooldays in intervention children
(from 1718 to 3247 steps per day; and from 2.1 to 3.6 Kcal/Kg per day) in comparison with the control
children. Increased school-based PA of intervention children during schooldays contributed to them achieving
>10,500 steps and >10.5 Kcal/Kg per school day across the 2 years of the study, and resulted in a stop of the
decline in PA levels that is known to be associated with the increasing age of children. Increased school-based PA
had also positive impact on leisure time PA of schooldays and on PA at weekends of intervention children. One
year after the start of the PA intervention, the odds of being overweight or obese in the intervention children was
almost three times lower than that of control children (p< 0.005), and these odds steadily decreased with the
duration of the intervention.
Conclusions: The findings suggest that school-based PA (Physical Education lessons, PA during short breaks and
longer recesses, PA at after-school nursery) in compatible active environments (child-friendly gym and school
playground, corridors with movement and playing around corners and for games) has a vital role in obesity and
overweight reduction among younger pupils.
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Background
The increase in overweight and obese children is a glo-
bal concern [1-5]. Indeed, children’s low physical activity
(PA) levels [5,6], together with the increase in their sed-
entary behaviours [5] have collectively prompted re-
search into strategies and programmes that could
enhance the PA levels [7,8] in order to alleviate the in-
crease in obesity amongst children [3,9-11].
School environments and settings offer many oppor-
tunities for PA intervention programmes aimed at young
pupils [12,13]. Children spend considerable proportions
of their day within the school [14], with potential occa-
sions that could enable the development of healthy life-
style habits [13,15]. Hence, PA associated with school
e.g. physical education [15,16] and PA during recess per-
iods, lunch breaks or after school nursery [16-19] are
viewed as major options for school aged children to in-
crease or achieve their recommended daily PA [15,20].
During childhood and adolescence, regular PA helps to
maintain a healthy body weight; is associated with the
positive development of healthy musculoskeletal and car-
diovascular systems, as well as neuromuscular awareness;
and is being promoted as an objective for disease preven-
tion [3,8,14,15]. Despite that school-aged children’s PA is
mostly undertaken outside of the school environment
[16,18,20], school-based PA is an irreplaceable contribu-
tor to the overall PA on schooldays that plays a part in
the achievement of PA guidelines for maintaining health
[20,21]. Whilst the positive association between school-
based PA and leisure time PA has been confirmed [7]
even in overweight-to-obese school-aged children [14],
however, this positive association between school-based
PA and weekends PA is still not well investigated. PA of
school-aged children and teenagers is lower at weekends
than during schooldays [19,22], but detailed analyses of
school-based, leisure time and weekend PA within PA
intervention programmes still requires further research.
Globally, efforts aimed at the prevention of childhood
obesity have led to the implementation of a range of
school-based interventions [10,11,23-26]. Nevertheless,
the heterogeneity of studies renders it difficult to draw
generalizations about the intervention/s that were most
effective [24,25,27]. Yet, despite the methodological di-
versities as well as the geographic, climatic, ethnic, con-
ceptual and regional (country) characteristics associated
with various PA interventions implemented in different
countries, it is fortunately possible to outline some fea-
tures of effective interventions that aim to decrease
obesity levels of primary school children. For instance,
combination/s of increased PA (decreased sedentary
behaviours) and appropriate diet appears to be more ef-
fective in reducing obesity than either increased PA
alone or an appropriate diet alone [10,24,26]. Similarly,
long-term (>1 year) interventions stand stronger chances
of reducing obesity than shorter-term (<1 year) interven-
tions [11,13,24]. Furthermore, gender-specific interven-
tions appear to be more effective in reducing obesity than
general interventions [23]. In addition, parents’ participa-
tion in intervention programmes increases the chance of
successful obesity reduction [23,28,29]; and, a compatible
active environment together with the availability of vari-
ous game equipment triggers PA in children [30-32].
Given that there is no universal intervention that has
demonstrated a long-term PA increase in children whilst
simultaneously reducing their obesity levels, there have
been calls for research on strategies that could increase
PA and alleviate obesity in children [9-11,30]. However,
whilst longitudinal studies of school-aged children to re-
duce overweight/ obesity by increasing the school-based
PA have been implemented in Western countries
[33-35], there is a notable lack of such longitudinal stud-
ies in Central and Eastern European nations (e.g. in the
Czech Republic). Similarly, across these previously
Eastern-Block countries, there is lack of research of
interventions aimed at the long-term increase of PA in
children that simultaneously addressed the issues of
gender-specific interventions, parents’ participation in
intervention programmes and the availability of compat-
ible active environment and game equipment. Indeed,
longitudinal studies (3 years’ duration) comprising
repeated monitoring (twice a year, total of five times) that
includes schooldays and weekends (seven successive days
monitoring each time) using objective measures (acceler-
ometer and pedometer) of PA in 6-9-year old children
are rare in Eastern Europe. This is despite that policy
makers require evidence about the effectiveness of PA
interventions in order to guide planning. The study
described in this paper bridges this gap, and assesses the
influence of school-based PA (that is mostly gender spe-
cific, with parent’s participation, and in a conducive en-
vironment with available equipment) on overweight and
obesity levels in children in the Czech Republic.
Aim of the study
This study assessed the effectiveness of a school-based
two-year PA intervention in reducing obesity and over-
weight in 6–9 year-old children over the course of the
first to the third primary school years (from 1st Grade
to 3rd Grade primary school). The specific objectives
were to:
Describe and compare the PA levels of the interven-
tion and control groups of girls and boys before, during,
and at the end of intervention;
Compare the levels of schooldays and weekends PA of
the intervention and control girls and boys;
During schooldays, compare the levels of school-based
and leisure time PA of the intervention and control girls
and boys;
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Describe and compare the proportion of overweight
and obese children in the intervention and control girls
and boys before, during, and at the end of the interven-
tion; and,
Express the effect of participation in the PA intervention
on overweight and obesity levels of the children.
Methods
Participants and settings
The Institutional Research Ethics Committee at the Fac-
ulty of Physical Culture, Palacky University approved the
study. All potential participants were provided with
information outlining the study aims and objectives,
and children’s and parents’ participation was voluntary
(no financial incentives were provided). The current
study expands upon earlier longitudinal research in the
Czech Republic of changes in PA of 176 (84 girls; 92
boys) pre-schoolers (kindergarten) and first-grade (first
year of primary school) children at four primary schools
(2 intervention and 2 control schools) in two regional
cities (Olomouc and Prostejov) in the Moravia region,
Czech Republic [19]. This earlier longitudinal research
[19] highlighted a significant decrease of school time PA
after the transition of children from kindergarten to 1st
grade of primary school. The current longitudinal study
deals with changes of PA and body weight of children
during their transition from 1st to 3rd grade of primary
school, and hence builds upon and extends the temporal
span where the previous research [19] ended. Written
informed consent was obtained from parents of all chil-
dren participating in the study.
The two intervention schools were selected based on
their participation in the regional “Healthy Schools” pro-
ject which brings together schools that: focus on health
behaviours; and, support school based PA of their chil-
dren (including after school nursery primarily focussed
on PA and games) [36]. The “Healthy Schools” project
was developed by World Health Organization for Eur-
ope (the Ministry of Education, Youth and Sports in the
Czech Republic adopted the project in 1991) in response
to the increased unhealthy behaviours in school aged
children. The “Healthy Schools” project included many
activities/ programmes (e.g. healthy diet habits, drug
prevention, sports and singing competitions, poetry
reading contests, school trips, and PA programmes). The
PA intervention presented in this paper is a component
of the PA programmes of the “Healthy Schools” project.
The two selected intervention schools had to meet the
same four criteria (sports and singing competitions,
poetry reading contests, school trips, and PA pro-
grammes) of the “Healthy Schools” project. Both inter-
vention schools had similar PA-conducive environments:
a gymnasium, grass playground and yard, sports field,
basketball court, corridors and corners conducive of
movement and playing, and rooms for table and board
games (tennis, football, hockey). In contrast, the two
control schools were not participating in the “Healthy
Schools” regional project, had less PA-conducive envir-
onments (only one small gymnasium and playground,
and standard corridors without special PA corners and
rooms), and the orientation of their after-school nursery
was not primarily concentrated on PA and games.
In both the intervention and control schools, shortly
after the children started attending their first year at pri-
mary school (September 2006), their baseline measure-
ments were undertaken (their baseline weekly PA was
monitored). Then (October 2006), the control schools
continued with their traditional ‘standard’ PA pro-
grammes; whilst a PA intervention was launched at the
two intervention schools (implemented in addition to
the traditional ‘standard’ PA programmes) (described
below). At the intervention schools, the school teachers
and the research team organised the PA intervention
programme, in collaboration with students of the Phys-
ical Culture and Pedagogical Faculties at Palacky Univer-
sity. Children’s participation in the intervention was
supported by their parents who co-operated with the re-
search team in recording their child’s PA/ sedentary be-
haviour data in the child’s PA log book (described
below); and also assisted the research team in explaining
to the children the role of PA and active lifestyles in the
prevention of obesity.
Standard PA programme and PA intervention programme
The standard PA programme (implemented in control
and intervention schools) comprised mandatory two 45-
minute physical education (PE) lessons per week (boys
and girls together) undertaken in the gym/ playground.
The PE focussed on overall physical development
through movement games (tag, games based on locomo-
tion in rows/ circles, simplified versions of dodge-ball/
football), simple gymnastic exercises (squats, sit-ups,
bounces, etc.), and exercises with equipment e.g. ball
(dribbling, throwing at a target, catching), skipping rope
(jumping over), hoop (running, rotating, going through),
or benches (walking and different kinds of jumping
over). Further, at the control schools, children could also
undertake additional PA in recess periods and at an
after-school nursery if they wished to, subject to avail-
ability of school equipment and teacher’s choice, or al-
ternatively could choose some other sedentary activity
(e.g. drawing or doing homework).
In addition to the standard programme described
above, the PA intervention (intervention schools only)
comprised: 1) one 20-minute recess with PA content (in
gym/ school playground); 2) PA (playing) undertaken
during after-school nursery (40 minutes to ≤ 90 min-
utes); and 3) an average of 2–3 short breaks per day
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(lasting 3–5 minutes each, in between lessons) were PA
could be carried out in the corridors with movement
and playing around corners and/or rooms for table and
board games that were close to the classes. Table 1
depicts the schooldays’ PA content at the intervention
and control schools.
At the intervention schools, both the recess and after-
school nursery active playing comprised individual and
group games and exercises with equipment (skipping
ropes, hoops, foam, soft and volleyball balls, overballs,
soft-tennis and badminton rackets, baseball bats, hop-
scotch, balls and rubbers, scooters, children scooters,
Frisbee, basketball hoops, ropes, wall bars), age-adjusted
games (football, floorball, volleyball, dodge-ball, table
tennis), and movement games (tag, games with a circular
cloth, nursery rhymes with movement). The girls and
boys were free to change the type and intensity of the
PA, as the PA content was based upon participants’ pre-
ferences/ capabilities, climate conditions and available
teachers (in accordance with their curricula). A feature
of this PA intervention was that it was gender-specific –
one of the teachers organised the PA programme for
girls; and another teacher organised it for boys. Hence,
children were free to play girls and boys together in cou-
ples, threesomes and small groups. However, if the chil-
dren wished, same-gender playing was not prohibited by
research team. All types of PA performed in the PE les-
sons, short breaks, and recesses, and at the after-school
nursery were organized under the umbrella of collective,
co-education teaching. Co-education teaching denotes
the teaching of both girls and boys in the same school,
in the same classes and through the same courses of
study programme. In summary, the focus was on chil-
dren’s active participation.
PA monitoring, and determining overweight and obesity
Over 2006–2008, participants’ free-living PA was mea-
sured on regular basis (five times, seven successive days
each time) during September and April (Table 2).
Measurement was undertaken using a standardised
method of continuous monitoring of daily PA that com-
prised: Caltrac accelerometer (Muscle Dynamic Fitness
Network, Torrance, CA, USA); Yamax Digiwalker SW-200
pedometer (Yamax Corporation, Tokyo, Japan); and, a PA
log book for inputting the Caltrac and Yamax data [19].
The Caltrac accelerometer is a light, pocket instrument
that scans vertical movement [37]. A built-in ceramic
crystal transfers kinetic acceleration into electrical
impulses which can be subsequently recalculated
(accounting for somatic features e.g. body mass, height,
age, sex) into energy output units [kcal] [38]. We quanti-
fied the PA levels through the variable activity energy
expenditure (AEE) which represents the net value of
energy of a given PA, i.e. total energy expenditure minus
the resting metabolism [39]. In determining AEE value,
the Caltrac uses the following equation to calculate resting
metabolism based on the subject’s age, height, weight and
gender [40,41]: female [kcal/min] = ((331weight [lb]) +
(351height [in.]) – (352age [years]) + 49 854)/100 000;
and male [kcal/min] = ((473weight [lb]) + (982height
[in.]) – (531age [years]) + 4686)/100 000. For group com-
parisons of girls and boys with different body weights, it
is appropriate to use relative AEE values, calculated to
one Kilogram of the participant’s weight (Kcal/Kgday-1
or Kcal/Kghour-1) [39]. In order to ascertain the daily
energy expenditure in children, the Caltrac accelerometer
was validated to a single-day heart-pace recording (rP=
0.40–0.54, p< 0.02) with high (rP= 0.96) internal-group
reliability [37,41]. Due to the significant agreement (e.g.
Table 1 Schooldays PA content of intervention and control schools from October 2006 to September 2008
Intervention Schools Control Schools
Gender-specific Girls and boys separately choose type, equipment
and content of activities during co-educational teaching
Girls and boys girls undertake together same
type and content of activities during
co-educational teaching
Type (duration) Frequency Description and Examples
PE lessons 2 per week Overall physical development though movement
games, simple gymnastic exercises, and exercises
with equipment in coeducational teaching
(45 minutes)
Primary focus on increased PA content General content Orientation
Short breaks 2-3 per day Movement playing in classroom/ room for table
and board games
Painting, drawing, writing in classroom
(3–5 minutes)
Recess 3-4 per week Movement playing in corridors/ room for table
and board games
Painting, drawing, writing in classroom
(20 minutes)
After-school nursery each day Movement games, playing, gymnastic exercises,
exercises with equipment in gym/ school playground
Painting, drawing, singing, doing homework,
reading, playing board games in classroom
(40-90 minutes)
PE: physical education; PA: physical activity.
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in walking) between energy expenditure from Caltrac
and indirect calorimetry (rP= 0.80 p< 0.001), and
between Caltrac and VO2 oxygen consumption (rP= 0.85
p< 0.001), this type of accelerometer is recommended
for daily energy expenditure detection in children
[42,43]. Hence for outcome consistency and also parents’
abilities to handle the apparatus, we used the Caltrac ac-
celerometer for continuous monitoring of PA.
The Yamax Digiwalker SW-200 is a commercially
available, small and light electronic pedometer measur-
ing vertical oscillations. Its circuit switches on and off
through a pendulum arm that moves with the vertical
oscillations of walking [44]. Every vertical oscillation
stronger than the apparatus’s threshold (0.35 g) is con-
sidered a step [45]. The total amount of steps and conse-
quently the calculated distance, and AEE, are depicted
on the display. Pedometers are most accurate in count-
ing the number of steps, less accurate in calculating dis-
tance, and least precise at estimating energy expenditure
[46]. Hence, in line with others [47], we employed the
step counts as the pedometer outcome variable.
The somatic features of the participants were mea-
sured 2–7 days prior to the start of monitoring in order
to adjust the individual settings of the Caltrac acceler-
ometer (we inputted participant’s gender, age, body
weight, and body height), and also for preparation of the
individual PA log books (we inputted participant’s name,
days and dates of monitoring). Participant’s calendar age
was calculated from date of birth until first monitoring
day. The research team measured the body height and
body weight of participants (Anthropometer A-319 -
Trystom, Olomouc, Czech Republic; Tanita WB 110 S
MA - Quick Medical Corporation, Seattle, WA, USA re-
spectively) to nearest 0.5 cm and 0.1 kg on the morning
of the first lesson of the first day at primary school. BMI
was calculated as body mass [kg] divided by height [m]
squared. Obesity, overweight and normal body mass
were classified using percentile BMI graph for girls and
boys aged> 5–19 years [48], where overweight and
obesity represented the 85–97 and> 97 percentiles re-
spectively of age-differentiated BMI.
The monitoring of PA was in line with previous re-
search of kindergarten and first grade school children
[19]. On our first monitoring day, each participating
child received an elastic belt with two pockets (for accel-
erometer and pedometer), along with an individual PA
log book. The belt ensured tight placement of the devices
on the right hip during the daily PA monitoring. Children
were instructed to wear the belt with both devices for at
least eight hours per day (with exception of rest, sleep
and bathing). The research team trained the participating
teachers and parents to appropriately: 1) operate the ac-
celerometer and pedometer; 2) read the values expressed
by each device; and, 3) record the values into the child’s
individual PA log books. Participant’s teacher/s and par-
ents recorded the data in the PA log book which com-
prised three sections: the AEE (from accelerometer); the
achieved step counts (from pedometer); and the third
section was the composition of the PA that was under-
taken, its duration, intensity and type. The measured
AEE values [kcal] and step counts were recorded in the
PA log book four times each day (after getting up - by
parent; after arriving at and before leaving school - by
teacher; before sleep - by parent). Monitors were not re-
set throughout the day. On the morning of the first mon-
itoring day, after each participating child received an
elastic belt and an individual PA log book, we reset the
values on the monitors’ displays and entered the first rec-
ord (zero values) of AEE and step counts into the indivi-
dual’s PA log book. After that, participant’s teacher/s and
parents recorded the data in the PA log book continu-
ously throughout the weekly PA monitoring.
Statistical processing and data interpretation
Data were analysed using STATISTICA v.9 and SPSS
v19. Four two-way (intervention and control group × 2
genders) analyses of variance (ANOVA) for repeated
measures examined the PA programme and gender
effects on PA levels, separately for the amount of steps
and AEE. Schooldays, weekends, school and leisure
times of working days were used as dependent variables
to thoroughly examine the PA programme and gender
Table 2 School term dates of PA monitoring, numbers and age of participating children by gender - 1st Grade through
3rd Grade
1st Grade 2nd Grade 3rd Grade
September 2006 April 2007 September 2007 April 2008 September 2008
Term Dates (day.month) 5.9 - 26.9 11.4 - 27.4 10.9 - 26.9 8.4 - 29.4 4.9 - 25.9
Number (age)
Intervention Girls 43 (6.9±0.4) 43 (7.5±0.4) 43 (7.9±0.4) 43 (8.5±0.4) 43 (8.9±0.4)
Boys 45 (6.6±0.6) 45 (7.2±0.6) 45 (7.6±0.6) 45 (8.2±0.6) 45 (8.6±0.6)
Control Girls 41 (6.8±0.5) 41 (7.4±0.5) 41 (7.8±0.5) 41 (8.4±0.5) 41 (8.8±0.5)
Boys 47 (6.6±0.5) 47 (7.2±0.5) 47 (7.6±0.5) 47 (8.2±0.5) 47 (8.6±0.5)
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effects on PA levels in each part of the monitored week.
Tukey’s HSD post-hoc test identified differences in PA
levels between control and intervention children at dif-
ferent times of week (schooldays ×weekends), and time
of day (school × leisure time). Data were adjusted only
for clustering at school level due to the same design of
PA intervention programme and also due to the similar
PA-conducive environments at the selected intervention
schools. When using ANOVA for repeated measures,
clustering was controlled for employing the school at-
tendance list and PA log book. T-test for dependent
samples identified differences of the PA levels in each of
the repetitive measures in participants of the same sex
and group (i.e. either control or intervention). Logistic
regression (Enter method) determined the obesity and
overweight occurrence prospect over the course of im-
plementation of the PA intervention. The model
included independent variables such as affiliation with a
group (intervention vs. control) and sex (girls vs. boys).
The strength of the relationships between the independ-
ent (affiliation with a group, sex) and dependent (AEE
and amount of steps) variables on schooldays, weekends,
school time and leisure time was assessed by means of
“effect size” d coefficient for repetitive measures [49],
where values d = 0.2, 0.5 and 0.8 may be interpreted as
minor, middle and major effects [50,51].
Results
Baseline – Before the start of PA intervention (beginning
of September 2006)
Before the start of intervention, for both genders, there
were no differences between the intervention and con-
trols, on schooldays and on weekends, as regards the
mean daily step counts (Figure 1) and AEE (Figure 2).
Schooldays PA comprised the sum of school time PA
and leisure time PA (i.e. time after the after-school
nursery).
Similarly, before the intervention, for both genders,
there were no differences between the intervention and
controls, in the school time number of steps (Figure 3)
or AEE (Figure 4), and in the leisure time number of
steps (Figure 3) or AEE (Figure 4). Furthermore, before
the start of the PA intervention, there were no differ-
ences in the proportions of obese girls and boys in the
intervention (7 % girls; 11 % boys) and control groups
(7 % girls; 6 % boys) (Figure 5).
During the PA intervention (October 2006 - September
2008)
After baseline monitoring of weekly PA and classifica-
tion of participants’ BMI in accordance with the percentile
BMI graph, the PA intervention was launched in the
intervention schools, while controls continued with the
standard PA programme.
Schooldays PA
A repeatedly significant positive intervention effect of
the PA programme was found for steps per day and
AEE (Kcal/Kgday-1) for intervention children (FSTEPS=
651.69, p< 0.0001, d = 1.07; FAEE= 91.29, p< 0.0001,
d = 0.82) than the control children. The level of school-
days PA of intervention children was repeatedly higher
during October 2006 to September 2008 in compari-
son with the controls’ PA level (Figures 1–2). Gender
had a repeatedly significant effect on the level of
schooldays PA (FSTEPS = 258.19, p< 0.0001, d = 0.21;
FAEE= 23.87, p< 0.0001, d = 0.31). However, the effect
of gender was more than twice (for AEE) and more
than three times (for step counts) lower than the effect
of the PA programme. In addition, as regards to the
main repeatedly significant effect, there were significant
interactions between the PA programme and gender
(FSTEPS = 5.83, p = 0.0006, d♀= 1.43, d♂= 0.86; FAEE=
4.68, p = 0.0031, d♀= 1.31, d♂= 0.47). On schooldays,
intervention girls were more physically active than
both the control girls and also the control boys (Figures 1–
2). At the end of the PA intervention programme,
there was a slight decrease of the proportion of inter-
vention children (girls: 32.5%APRIL2007, 33.7%SEPT2007,
31.4%APRIL2008, 23.5%SEPT2008 and boys: 16.7%APRIL2007,
18.8%SEPT2007, 17.7%APRIL2008, 14.4%SEPT2008) who met
national Czech PA guidelines for maintaining health
for children aged 6–11 years (steps per day – 12,000
girls and 14,000 boys; AEE – 11 Kcal/Kgday-1 for
girls and 13 Kcal/Kgday-1 for boys) [35]. As for
controls, there was a progressive decrease of the pro-
portion of children who achieved these national
PA guidelines (girls: 11.0%APRIL2007, 9.8%SEPT2007,
7.3%APRIL2008, 6.1%SEPT2008 and boys: 11.7%APRIL2007,
8.5%SEPT2007, 7.4%APRIL2008, 6.4%SEPT2008).
School time and leisure time PA
Only the PA programme had repeatedly significant effect
on school time PA level (AEE and steps) during the
current school-based PA intervention. Intervention chil-
dren had significantly higher step counts and AEE at
school time than controls (FSTEPS= 371.08, p< 0.0001,
d = 1.28; FAEE= 4.67, p< 0.0001, d = 1.03) (Figures 3–4).
No other significant interaction effects during school
time were observed. During the leisure time of school-
days, a significant positive effect of PA programme and
gender on step counts was identified (FPAprogramme=
185.57, p< 0.0001; FGENDER= 131.70, p< 0.0001). In
addition to the main repeatedly significant effect, there
were significant interactions between the PA programme
and gender (FSTEPS= 2.65, p = 0.05, d♀= 0.73, d♂= 0.28).
At leisure time, intervention girls had step counts that
were higher than those of both control girls and also
control boys (Figures 3–4).
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Weekends PA
Both intervention and control children repeatedly
achieved lower daily step counts and AEE during week-
ends than during schooldays (Figures 1–2). Nevertheless,
on weekends, a repeatedly significant positive interven-
tion effect of PA programme was observed for daily step
counts and AEE (Kcal/Kgday-1) for intervention chil-
dren (FSTEPS= 629.43, p< 0.0001, d = 0.27; FAEE= 169.61,
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Figure 1 Mean daily steps counts of intervention and control children across the two-year PA programme.
PA - physical activity; ▪ Schooldays; □ Weekends.
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Figure 2 Mean daily AEE (Kcal/Kgday-1) of intervention and control children across the two-year PA programme.
AEE - activity energy expenditure; PA - physical activity; ▪ Schooldays; □ Weekends.
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Figure 3 Mean schooldays steps counts of intervention and control children across the two-year PA programme.
PA - physical activity; ▪ School time; □ Leisure time.
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Figure 4 Mean schooldays AEE (Kcal/Kgday-1) of intervention and control children across the two-year PA programme.
AEE - activity energy expenditure; PA - physical activity; ▪ School time; □ Leisure time.
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p< 0.0001, d = 0.20) than controls. No other significant
interaction effects at weekends were identified.
Over the course of the PA intervention, the propor-
tions of obese or overweight participants declined in the
intervention girls and boys, as opposed to the controls,
where the opposite tendency was observed (Figure 5).
Nevertheless, a significant decline in obesity and over-
weight in the intervention children was achieved no
sooner than during the second grade of primary school
(Sept. 2007) (Table 3).
End of the PA intervention programme (end of
September 2008)
At the final PA monitoring (end of the PA intervention),
there was a slight decline in both the schooldays daily
step counts and AEE in intervention children (t♀STEPS=
30.03, p< 0.0001, d = 0.11; t♀AEE=0.79, p = 0.4356,
d = 0.02; t♂STEPS=13.61, p< 0.0001, d = 0.04; t♂AEE= 2.07,
p = 0.0442, d = 0.05) and controls (t♀STEPS=12.48, p<
0.0001, d = 0.18; t♀AEE=7.95, p< 0.0001, d = 0.09; t♂STEPS=
6.81, p< 0.0001, d = 0.10; t♂AEE= 2.36, p = 0.0226, d =
0.05), in comparison with the results of the precedent
measurement (April 2008) (Figures 1–2). In particular,
the intervention group’s decline in PA was during the
school days’ leisure time, while the controls demonstrated
the decline in PA during school time (Figures 3–4).
Based on the percentile BMI graph, after the two-year
PA intervention (September 2008), the intervention
group did not exhibit any obesity, while about one fifth
to one fourth of controls were obese (22% girls and 23%
boys). Moreover, after the two-year PA intervention, in
girls, there was no overweight in the intervention group
(vs. 12% overweight in controls) (Figure 5).
Table 3 shows that commencing with the children’s
second year at primary school (Sept. 2007, one year after
the start of the PA intervention), the odds of being over-
weight or obese in the intervention children was almost
three times lower than that of control children (p< 0.005).
Moreover, the odds of the intervention children being
overweight or obese in comparison with the controls statis-
tically decreased in a step-wise manner in relation to the
duration of the PA intervention: from 0.64 times less after
7 months (April 2007); 0.34 times less at 1 year; 0.16 times
less at 1 year 7 months (April 2008); 0.04 times less at
2 years (Sept. 2008). On the other hand, the odds of being
overweight or obese in boys was more than two and half
higher than in girls before the start of PA intervention
(Sept. 2006). However, one year and thereafter after the
start of the PA intervention – from Sept. 2007 onwards),
the odds of being overweight or obese in boys was not sig-
nificantly higher in comparison with girls.
Discussion
We assessed the effectiveness of a school-based two-year
PA intervention in reducing obesity and overweight in
6-9-year-old children. As such, the current study bridges
7%
5%
2%
0% 0%
7%
12% 12%
20%
22%
7% 7%
5%
2%
0%
7% 7%
15%
10%
12%
Sept. 
2006
April 
2007
Sept. 
2007
April 
2008
Sept. 
2008
Sept. 
2006
April 
2007
Sept. 
2007
April 
2008
Sept. 
2008
GIRLS
11%
7%
0% 0% 0%
6%
9%
17%
21%
23%22%
20% 20%
11% 11%
21%
26%
19% 19%
17%
Sept. 
2006
April 
2007
Sept. 
2007
April 
2008
Sept. 
2008
Sept. 
2006
April 
2007
Sept. 
2007
April 
2008
Sept. 
2008
INTERVENTION (n=43) CONTROL (n=41)
INTERVENTION (n=45) CONTROL (n=47)BOYS
Figure 5 Mean percentages of obese and overweight children in intervention and control children across the two-year PA programme.
PA - physical activity; ▪ Obese; □ Overweight.
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the gap between longitudinal studies of school-aged chil-
dren that focus on the obesity reduction by increased
school-based PA in Western countries [33,34], and the
lack of such much-needed longitudinal studies in Cen-
tral/ Eastern European nations.
In terms of the study’s first objective, we described and
compared the PA levels of control and intervention girls
and boys before, during, and at the end of the PA inter-
vention. Before the PA intervention, there were no dif-
ferences in PA levels between the intervention and
controls on schooldays and on weekends. Across our
sample of children (before the intervention) the achieved
mean daily steps counts (7,700) and AEE (9.5 Kcal/
Kgday-1) unfortunately did not reach the national PA
guidelines for maintaining health for Czech children
aged 6–11 years (steps per day – 12,000 girls and 14,000
boys; AEE – 11 Kcal/Kgday-1 for girls and 13 Kcal/
Kgday-1 for boys) [36]. The results showed that a higher
percentage of intervention girls than intervention boys
met the national Czech PA guidelines during the PA
intervention programme. Design of PA intervention
might score for reduction of the differences in AEE and
steps counts between girls and boys. However, the long-
term implementation of increased PA within the school
environment had a positive impact on the daily PA levels
(both step counts and AEE) on schooldays, which
among the intervention girls, even reverted to their
higher PA levels that they had exhibited at kindergarten
[19]. Daily mean step counts of intervention girls and
boys exceeded 10,500 during this school-based PA inter-
vention. Despite such increase of 1133-1485 in terms
of daily step counts on schooldays, both our intervention
girls and boys lagged behind the levels reported for girls
(10,800-14,800) and boys (11,500-18,100) of the same
age in Canada, Netherlands, New Zealand, Sweden, the
United Kingdom and USA [16,52,53]. As regards the
controls, girls’ and boys’ PA levels continuously
decreased with repeated monitoring from April 2007 to
September 2008. The lowest mean daily steps (< 8,000
girls; < 9,000 boys) and AEE (8 Kcal/Kgday-1 for girls;
9.5 Kcal/Kgday-1 for boys) values were observed at the
final monitoring (3rd Grade of primary school). This low
level of school PA of controls, in addition to their low
weekend PA is not sufficient for maintaining health [36].
As regards objective two, we compared schooldays and
weekends PA of control and intervention girls and boys.
During weekends, both intervention and control children
had significantly lower PA than during schooldays. This
is in support of other studies, where lower levels of accel-
erometer or pedometer-measured weekend PA in com-
parison to schooldays has been reported in young,
school-aged children in England, Mexico and USA
[54-56]. Unfortunately, achieving higher school-based
PA in our intervention children did not ‘counter’ their
decreased PA on weekends (Figures 1–2). This is fur-
ther supported by the small to moderate correlations
(rP= 0.09-0.35) between schooldays and weekends PA
levels of our intervention children [assessed by Pearson
product–moment correlation coefficient (rP) repeatedly
before, during, and at the end of intervention]. In our
sample, across the duration of the study (2006–2008),
we observed a stronger rate of decrease (steeper slope)
in daily mean step counts and AEE on weekends than
on schooldays, for both genders and both groups of
children (Figures 1–2). This finding further highlights
the unfavourable (alarming) weekend PA levels of both
intervention and control children in relation to the
threshold PA levels that are necessary for maintaining
health.
As for objective three, we compared school-based and
leisure time PA levels of intervention and control girls
and boys during schooldays. During the PA intervention,
intervention children’s school-based daily mean step
counts comprised 40-44% of their leisure time step
counts; whilst the controls’ school-based step counts
comprised 25-30% of their leisure time step counts. The
intervention children’s school time steps counts (3000-
3350 per day) corresponded with 30 minutes of
Table 3 Impact of participation in PA intervention on odds of child obesity/overweight combined
n 1st Grade 2nd Grade 3rd Grade
September 2006 April 2007 September 2007 April 2008 September 2008
OR CI OR CI OR CI OR CI OR CI
Group
Control 88 Ref Ref Ref Ref Ref
Intervention 88 1.17 0.57-2.40 0.64 0.31-1.32 0.34* 0.16-0.72 0.13{ 0.05-0.34 0.09{ 0.04-0.27
Gender
Girls 84 Ref Ref Ref Ref Ref
Boys 92 2.64* 1.24-5.62 2.38* 1.13-5.01 1.99 0.94-4.20 2.02 0.91-4.49 1.85 0.83-4.12
R2 0.05 0.06 0.10 0.21 0.25
N: number; OR: odds ratio; CI: confidence interval; statistical significance *p< 0.005, {p< 0.001; R2: Nagelkerke coefficient of determination, logistic regression
model, Enter method.
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moderate-to-vigorous PA [53] of a value of 4 MET [57].
In contrast, our controls’ mean 1780–1890 steps during
school time represented <20 minutes of moderate-to-
vigorous PA per day. The increase of 917-1444 steps
during leisure time of schooldays in intervention chil-
dren represented the equivalent of an increase of 10-
15 minutes of moderate-to-vigorous PA. The basic
health-related guidelines for children and youth, inde-
pendent of their current PA level, is to increase the time
spent on moderate-to-vigorous PA by 30 minutes per
day; and over a 5 month period, progress to adding an
additional 90 minutes of daily PA [58]. In terms of the
daily step counts on schooldays, our intervention boys
and girls did achieve this guideline.
School time step counts (including steps achieved dur-
ing after-school nursery) comprised 28-31% of school-
days steps in our intervention children, and 20-23%
among our controls. These levels are more modest when
compared with findings of previous studies [59,60]
where school time step counts represented 44-46% and
43-49% of the daily steps counts in 5-11-years-old girls
and boys respectively. Our children’s low level of school-
days PA in comparison with international peers [60],
combined with the short distances between their schools
and the children’s homes might partially explain the
lower percentages of school step counts in relation to
results of previous studies [16,60]. However, school
breaks’ PA significantly contributed to higher overall
schooldays PA of 9- and 10 year-old children [17,18],
even for those who were overweight-to-obese [21].
The final monitoring of one-week PA before the end
of the PA intervention programme (September 2008)
showed a slight decrease of leisure time step counts and
AEE (intervention children); and a slight decrease of
school time step counts and AEE (controls). These
declines of PA could be due to the increased school
assignments and homework associated with two subjects
that were ‘new’ to the children (English language and
basics of humanities and natural science) which are
taught to 3rd Grade primary school children in the
Czech Republic. These new subjects are associated with
increases of regular time-consuming homework (e.g. vo-
cabulary practice with repeated writing of new words
and drawing of their sense; drawing of animals, plants
and natural objects and phenomena). In addition to the
two new subjects, at the start of 3rd Grade of primary
school, Czech children need to manage the challenges of
grammar of the standard Czech language (e.g. specific
rules of spelling of ‘y’, ‘ý’, ‘i’, ’í’, ‘e’, ‘ě’, ‘s’, ‘š’, ‘c’, ‘č’). An impact
of such an increase of assignments and homework could
have been a decrease of leisure time PA level.
For objective four, we described and compared the
proportion of overweight and obese children in the con-
trol and intervention girls and boys before, during, and
at the end of the intervention; and assessed the effect of
participation in the PA intervention on children’s over-
weight and obesity. Before the start of the PA interven-
tion, there were no differences in the proportions of
obese girls and boys of our intervention (7% girls; 11 %
boys) and control groups (7% girls; 6% boys). These low
levels of obesity at first year of primary school could be
due to the well supported PA programmes at kindergar-
tens [22]. The PA intervention was accompanied by sig-
nificant decreases of overweight and obesity in our
intervention girls and boys (Figure 5) i.e. the interven-
tion children were significantly less likely to be over-
weight and obese when compared with the controls
(Table 3). Despite the fact that programmes that com-
bine increased PA and appropriate diet are more effect-
ive in obesity reduction in children [10,24,28], our
findings indicate that long-term PA in the school envir-
onment may also result in a notable reduction of obesity
among 7–8 year old children. In line with the conclu-
sions of recent meta-analyses [11,24], we agree that
longer-term (>1 year) and content-specific programmes
for girls and boys have a higher chance of reducing obes-
ity than shorter-term, non-gender-specific interventions.
School support and activity-friendly environments are
other prerequisites for the effective implementation of
PA interventions.
This study has limitations. The intervention schools
were selected on the basis of existing PA-conducive en-
vironment, a point that could have contributed to the
observed findings, and the non-representativeness of our
children to the wider population of children in the
Czech Republic requires that caution is exercised when
drawing generalisations. In addition, the assessment of
body weight level using age-differentiated percentile
BMI graphs does not consider issues of body compos-
ition or actual ‘biological’ age of the child. We did not
monitor the nutritional habits of the children; these
could have influenced the rates of overweight and
obesity. Other descriptive characteristics of the inter-
vention and control children (socioeconomic status in
particular) at baseline would have also been helpful for
a more complete assessment of the effectiveness of a
school-based two-year PA intervention programme in
reducing obesity and overweight in 6–9 year-old chil-
dren. At present, more comfortable and accurate accel-
erometers are being used worldwide to monitor
children’s PA than the Caltrac accelerometer. Due to
the study’s longitudinal design, we used the same kind
of accelerometer over the course of the study (2006 –
2008). However, despite these limitations, the longitu-
dinal, repetitive, objectively-monitored PA level simul-
taneously measured by two devices (pedometer and
accelerometer) provides support to the internal validity
of the study.
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Future research should recruit more schools from
more regions/ countries whilst addressing these limita-
tions; and assess the ‘sustainability’/ longevity of the
benefits of the intervention on children’s obesity/ over-
weight levels at a later point in time after the interven-
tion has ended (e.g. after 6 months and 1 year). We
monitored PA beginning at school time until the end of
the day. Further research would need to assess other po-
tential enhancements of PA levels at other times e.g. be-
fore the school day starts (by promoting active school
commuting - walking or cycling to school); or alterna-
tively, other activities undertaken during the evenings or
weekends (e.g. the role of children’s participation in PA
organisations and sports clubs) as means to reduce/prevent
obesity and overweight levels. Future studies would also
benefit from using electronic devices to access the school
environment in relation to children’s PA programme by
producing a fine-grained picture (‘minute-by-minute’
records) e.g. ActiGraph accelerometers or heart rate
telemetry [17,18], or multi-functional devices [21].
Conclusions
School-based PA (PE lessons, PA during short breaks
and longer recesses, PA at after-school nursery) in
compatible active environments (child-friendly gym and
school playground, corridors with movement and play-
ing around corners and for games) plays a vital role in
overweight and obesity reduction among younger
pupils. However, reductions of overweight and obesity
levels were observed starting about a year after the PA
intervention commenced. Increased school-based PA
had also positive impact on leisure time PA of school-
days and on PA at weekends of intervention children.
Increased school-based PA during schooldays contribu-
ted to: achieving >10,500 steps and >10.5 Kcal/Kg per
schoolday across the 2 years of the study; and, led to a
stop of the decline in PA that is known to be asso-
ciated with the increasing age of children. However,
despite of the increased school-based PA, the interven-
tion children did not achieve international levels of
health maintaining PA.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
ES and DS designed the study. DS, ES and WEA undertook the data analysis.
ES and WEA wrote this manuscript with input of DS. All authors approved
the final version.
Acknowledgements
The authors thank the pupils and their parents, teachers and schools that
participated in this longitudinal study. The study was supported by a
research grant from Faculty of Physical Culture, Palacky University in
Olomouc (No. FTK_2012:003 'Physical Activity Friendly School Environment
as a Factor of Physically Active and Healthy Lifestyle of Children Aged 6-12').
Author details
1Center for Kinanthropology Research, Institute of Active Lifestyle, Faculty of
Physical Culture, Palacky University in Olomouc, Olomouc, Czech Republic.
2Faculty of Applied Sciences, University of Gloucestershire, Gloucester, United
Kingdom.
Received: 4 April 2012 Accepted: 29 July 2012
Published: 29 July 2012
References
1. Apfelbacher CJ, Cairns J, Brucker T, Möhrenschlager M, Behrendt H, Ring J,
Krämer U: Prevalence of overweight and obesity in East and West
German children in the decade after reunification: population-based
series of cross-sectional studies. J Epidemiol Community Health 2008,
62:125–130.
2. Jackson-Leach R, Lobstein T: Estimated burden of paediatric obesity and
co-morbidities in Europe. Part 1. The increase in the prevalence of child
obesity in Europe is itself increasing. Int J Pediatr Obes 2006, 1:26–32.
3. Pařízková J: Nutrition, physical activity, and health in early life. Boca Raton, FL:
Taylor & Francis Group/CRC Press; 2010.
4. Stamatakis E, Zaninotto P, Falaschnetti E, Mindel J, Head J: Time trends in
childhood and adolescent obesity in England from 1995 to 2007 and
projections of prevalence to 2015. J Epidemiol Community Health 2010,
64:167–174.
5. Sigmundová D, El Ansari W, Sigmund E, Frömel K: Secular trends: A ten-
year comparison of the amount and type of physical activity and
inactivity of random samples of adolescents in the Czech Republic. BMC
Public Health 2011, 11:731. doi:10.1186/1471-2458-11-731.
6. Hesketh K, Crawford D, Salmon J: Children's television viewing and
objectively measured physical activity: Associations with family
circumstance. Int J Behav Nutr Phys Act 2006, 3:1–10.
7. Verstraete SJM, Cardon GM, De Clercq DLR, De Bourdeaudhuij IMM: A
comprehensive physical activity promotion programme at elementary
school: The effects on physical activity, physical fitness and psychosocial
correlates of physical activity. Pub Health Nutr 2007, 10:477–484.
8. Ward DS, Saunders RP, Pate RR: Physical activity interventions in children and
adolescents. Champaign, IL: Human Kinetics; 2007.
9. Brug J, Te Velde SJ, Chinapaw MJM, Bere E, De Bourdeaudhuij IMM, Moore
H, Maes L, Jensen J, Manios Y, Lien N, Klepp KI, Lobstein T, Martens M,
Salmon J: Evidence-based development of school-based and family-
involved prevention of overweight across Europe: The ENERGY-project's
design and conceptual framework. BMC Public Health 2010, 10:276.
doi:10.1186/1471-2458-10-276.
10. Flodmark CE, Marcus C, Britton M: Interventions to prevent obesity in
children and adolescents: A systematic literature review. Int J Obes 2006,
30:579–589.
11. Gonzalez-Suarez C, Worley A, Grimmer-Somers K, Dones V: School-based
interventions on childhood obesity: A meta-analysis. Am J Prev Med 2009,
37:418–427.
12. Griew P, Page A, Thomas S, Hillsdon M, Cooper AR: The school effect on
children's school time physical activity: the PEACH project. Prev Med
2010, 51:282–286.
13. Sharma M: International school-based interventions for preventing
obesity in children. Obes Rev 2006, 8:155–167.
14. Fox KR: Tackling obesity in children through physical activity: A
perspective from the United Kingdom. Quest 2004, 56:28–40.
15. Pate RR, Davis MG, Robinson TN, Stone EJ, McKenzie TL, Young JC:
Promoting physical activity in children and youth: A leadership role for
schools: A scientific statement from the American heart association
council on nutrition, physical activity, and metabolism (physical activity
committee) in collaboration with the Council on cardiovascular disease
in the young and cardiovascular nursing. Circulation 2006,
114:1214–1224.
16. Tudor-Locke C, McClain JJ, Hart TL, Sisson SB, Washington TL: Expected
values for pedometer-determined physical activity in youth. Res Q Exerc
Sport 2009, 80:164–174.
17. Ridgers ND, Stratton G: Twelve-month effects of a playground
intervention on children's morning and lunchtime recess physical
activity levels. J Phys Act Health 2010, 7:167–175.
18. Ridgers ND, Tóth M, Uvacsek M: Physical activity levels of Hungarian
children during school recess. Prev Med 2009, 49:410–412.
Sigmund et al. BMC Public Health 2012, 12:570 Page 12 of 13
http://www.biomedcentral.com/1471-2458/12/570
19. Sigmund E, Sigmundová D, El Ansari W: Changes in physical activity in
pre-schoolers and first-grade children: Longitudinal study in the Czech
Republic. Child Care Health Dev 2009, 35:376–382.
20. Mota J, Silva P, Santos MP, Ribeiro JC, Oliveira J, Duarte JA: Physical activity
and school recess time: differences between the sexes and the
relationship between children’s playground physical activity and
habitual physical activity. J Sports Sci 2005, 23:269–275.
21. Groffik D, Sigmund E, Frömel K, Chmelík F, Nováková Lokvencová P: The
contribution of school breaks to the all-day physical activity of 9- and
10-year-old overweight and non-overweight children. Int J Pub Health
2012, 57:711–718.
22. Sigmund E, Croix MDS, Miklánková L, Frömel K: Physical activity patterns of
kindergartens children in comparison to teenagers and young adults.
Eur J Public Health 2007, 17:646–651.
23. Bjelland M, Bergh IH, Grydeland M, Klepp KI, Andersen LF, Anderssen SA,
Ommundsen Y, Lien N: Changes in adolescents' intake of sugar-
sweetened beverages and sedentary behaviour: Results at 8 month mid-
way assessment of the HEIA study – a comprehensive, multi-component
school-based randomized trial. Int J Behav Nutr Phys Act 2011,
8:1–11.
24. Brown T, Summerbell C: Systematic review of school-based interventions
that focus on changing dietary intake and physical activity levels to
prevent childhood obesity: An update to the obesity guidance produced
by the National Institute for Health and Clinical Excellence. Obes Rev
2009, 10:110–141.
25. Harris KC, Kuramoto LK, Schulzer M, Retallack JE: Effect of school-based
physical activity interventions on body mass index in children: A meta-
analysis. Can Med Assoc J 2009, 180:719–726.
26. Wu T, Gao X, Chen M, Van Dam RM: Long-term effectiveness of diet-plus-
exercise interventions vs. diet-only interventions for weight loss: A meta-
analysis. Obes Rev 2009, 10:313–323.
27. Van Sluijs EMF, McMinn M, Griffin SJ: Effectiveness of interventions to
promote physical activity in children and adolescents: Systematic review
of controlled trials. BMJ 2007, 335:1–13.
28. Small L, Anderson D, Mazurek Melnyk B: Prevention and early treatment of
overweight and obesity in young children: A critical review and
appraisal of the evidence. Pediatr Nurs 2007, 33:149–161.
29. Zenzen W, Kridli S: Integrative review of school-based childhood obesity
prevention programs. J Pediatr Health Care 2009, 23:242–258.
30. Leatherdale ST, Pouliou T, Church D, Hobin E: The association between
overweight and opportunity structures in the built environment: A
multi-level analysis among elementary school youth in the PLAY-ON
study. Int J Pub Health 2010, 56:237–246.
31. Sallis JF, Conway TL, Prochaska JJ, McKenzie TL, Marshall SJ, Brown M: The
association of school environments with youth physical activity. Am J
Pub Health 2001, 91:618–620.
32. Verstraete SJM, Cardon GM, De Clercq DLR, De Bourdeaudhuij IMM:
Increasing children’s physical activity levels during recess periods in
elementary schools: The effects of providing game equipment. Eur J
Public Health 2006, 16:415–419.
33. Caballero B, Clay T, Davis SM, Ethelbah B, Rock BH, Lohman T, Norman J,
Story M, Stone EJ, Stephenson L, Stevens J: Pathways: A school-based,
randomized controlled trial for the prevention of obesity in American
Indian schoolchildren. Am J Clin Nutr 2003, 78:1030–1038.
34. Danielzik S, Pust S, Müller MJ: School-based interventions to prevent
overweight and obesity in prepubertal children: Process and 4-years
outcome evaluation of the Kiel Obesity Prevention Study (KOPS). Acta
Paediatr 2007, 96(Suppl 454):19–25.
35. Sallis JF, McKenzie TL, Alcaraz JE, Kolody B, Hovell MF, Nader PR: Project
SPARK. Effects of physical education on adipozity in children. Ann New
York Acad Sci 1993, 699:127–136.
36. Sigmund E, Sigmundová D: Pohybová aktivita pro podporu zdraví dětí a
mládeže (Physical activity for maintaining health of children and adolescents).
Olomouc, Czech Republic: Palacky University in Olomouc; 2011.
37. Sallis JF, Buono MJ, Roby JJ, Carlson D, Nelson JA: The caltrac
accelerometer as a physical activity monitor for school-age children. Med
Sci Sports Exerc 1990, 22:698–703.
38. Montoye HJ, Kemper HCG, Saris WHM, Washburn RA: Measuring physical
activity and energy expenditure. Champaign, IL: Human Kinetics; 1996.
39. Westerterp KR: Physical activity assessment with accelerometers. Int J
Obes 1999, 23(Suppl 3):45–49.
40. Puyau MR, Adolph AL, Vohra FA, Zakeri I, Butte NF: Prediction of activity
energy expenditure using accelerometers in children. Med Sci Sports Exerc
2004, 36:1625–1631.
41. Bray MS, Morrow JRJ, Pivarnik JM, Bricker JT, Bray MS, Morrow JRJ, Pivarnik
JM, Bricker JT: Caltrac validity for estimating caloric expenditure with
children. Pediatr Exerc Sci 1992, 4:166–179.
42. Harro M: Validation of a questionnaire to assess physical activity of
children ages 4–8 years. Res Q Exerc Sport 1997, 68:259–268.
43. Bray MS, Wong WW, Morrow JRJ, Butte NF, Pivarnik JM: Caltrac versus
calorimeter determination of 24-h energy expenditure in female
children and adolescents. Med Sci Sports Exerc 1994, 26:1524–1530.
44. Schneider PL, Crouter SE, Bassett DR Jr: Pedometer measures of free-living
physical activity: Comparison of 13 models. Med Sci Sports Exerc 2004,
36:331–335.
45. Tudor-Locke C, Ainsworth BE, Thompson RW, Matthews CE: Comparison of
pedometer and accelerometer measures of free-living physical activity.
Med Sci Sports Exerc 2002, 34:2045–2051.
46. Crouter SE, Schneider PL, Karabulut M, Bassett DR Jr: Validity of 10
electronic pedometers for measuring steps, distance, and energy cost.
Med Sci Sports Exerc 2003, 35:1455–1460.
47. Tudor-Locke C, Myers AM: Methodological considerations for researchers
and practitioners using pedometers to measure physical (ambulatory)
activity. Res Q Exerc Sport 2001, 72:1–12.
48. WHO: Growth reference data for 5–19 years.: WHO Reference; 2007.
http://www.who.int/growthref/en.
49. Cortina JM, Nouri H: Effect size for ANOVA design. Thousand Oaks, CA: Sage; 2000.
50. Cohen J: Statistical power analysis for the behaviorial sciences. Hillsdale, NJ:
Erlbaum; 1988.
51. Sheskin DJ: Handbook of parametric and nonparametric statistical procedures.
Boca Raton, FL: Chapman & Hall/CRC; 2007.
52. Beets MW, Bornstein D, Beighle A, Cardinal BJ, Morgan CF: Pedometer-
measured physical activity patterns of youth: A 13-country review. Am J
Prev Med 2010, 38:208–216.
53. Tudor-Locke C, Craig CL, Beets NW, Belton S, Cardon GM, Duncan S, Hatano
Y, Lubans DR, Olds TS, Raustorp A, Rowe DA, Spence JC, Tanaka S, Blair SN:
How many steps/day are enough? For children and adolescents. Int J
Behav Nutr Phys Act 2011, 8:1–14.
54. Duncan MJ, Birch S, Al-Nakeeb Y, Nevill AM: Ambulatory physical activity
levels of white and South Asian children in Central England. Acta
Paediatr 2012, 101:156–162.
55. Jáuregui A, Villalpando S, Rangel-Baltazar E, Castro-Hernández J, Lara-
Zamudio Y, Méndez-Gómez-Humarán I: The physical activity level of
Mexican children decreases upon entry to elementary school. Salud
Publica Mex 2011, 53:228–236.
56. Treuth MS, Catellier DJ, Schmitz KH, Pate RR, Elder JP, McMurray RG, Blew
RM, Yang S, Webber L: Weekend and weekday patterns of physical
activity in overweight and normal-weight adolescent girls. Obesity (Silver
Spring) 2007, 15:1782–1788.
57. Troiano RP, Berrigan D, Dodd KW, Mâsse LC, Tilert T, McDowell M: Physical
activity in the United States measured by accelerometer. Med Sci Sports
Exerc 2008, 40:181–188.
58. Janssen I, LeBlanc AG: Systematic review of the health benefits of
physical activity and fitness in school-aged children and youth. Int J
Behav Nutr Phys Act 2010, 7:1–16.
59. Cox M, Schofield G, Greasley N, Kolt GS: Pedometer steps in primary
school-aged children: A comparison of school-based and out-of-school
activity. J Sci Med Sport 2006, 9:91–97.
60. Hardman CA, Horne PJ, Rowlands AV: Children’s pedometer-determined
physical activity during school-time and leisure-time. J Exerc Fitness 2009,
7:129–134.
doi:10.1186/1471-2458-12-570
Cite this article as: Sigmund et al.: Does school-based
physical activity decrease overweight and obesity in children aged
6–9 years? A two-year non-randomized longitudinal intervention study
in the Czech Republic. BMC Public Health 2012 12:570.
Sigmund et al. BMC Public Health 2012, 12:570 Page 13 of 13
http://www.biomedcentral.com/1471-2458/12/570
